I INTRODUCTION
The experimental study of nucleon excited states is fundamental for the understanding of its internal structure. Important differences are still observed today between the experimental nucleon spectrum and the results of the constituent quark models used to predict it [1] [2] [3] [4] . In pseudo-scalar meson photoproduction off the proton (γ + p → meson + p) we have eight possible combinations of spin states. The scattering amplitude is thus described by eight matrix elements, only four of which are independent due to rotational invariance and parity transformations. With these four complex amplitudes, 16 bilinear products can be constructed, corresponding to 16 observables: the differential cross section, three single polarization observables and twelve double polarization observables. To determine the scattering amplitude thoroughly, the cross section, the three single polarization and four appropriately chosen double polarization observables must be measured [5] . These observables can be expressed in terms of helicity amplitudes and the following relations hold [6] [7] [8] [9] :
Several predicted states have not been observed (missing resonances
where dσ/dΩ is the differential cross section and Σ, T and P are the beam, target and recoil asymmetries respectively. From the above relations one can see that the general structure of the scattering amplitude is already contained within the differential cross section, but the details of the amplitude can be better highlighted by studying the single polarization observables, where the interference among the helicity amplitudes can play a crucial role in revealing subtle effects [10] .
The first data on η ′ photoproduction cross section were produced in 1968 in a bubble chamber experiment [11] using an untagged photon beam, and confirmed in 1976 with a streamer chamber setup and tagged photons at DESY [12] . Over 20 years later, the SAPHIR collaboration [13] reported a more extended measurement, based on 250 events, from which the masses and widths of the dominating S 11 and P 11 resonances were extracted. In more recent years, the CLAS experiment at Jlab and the CB-ELSA-TAPS in Bonn have produced a rich amount of precise cross section data on the proton [14] [15] [16] . The energy region from threshold (1.447 GeV) up to 2.84 GeV was measured, and total and differential cross section data were produced.
As a consequence of this huge experimental effort, the following facts were established:
i) the η ′ N channel couples mainly to S 11 (1535) and P 11 (1710). A marginal role is played by J=3/2 resonances, namely P 13 (1720) and D 13 (1520) [14] .
ii) g η ′ N N = 1.3 − 1.5, a value consistent with existing theoretical estimates [14] .
iii) above 2 GeV, where the process is dominated by the ρ and ω exchange, the dynamics of η ′ photoproduction are similar to those of η photoproduction [16] .
From the theoretical point of view, four approaches are available in the literature:
i) A relativistic meson-exchange model of hadronic interactions [17] , with t-channel mesonic currents (ρ and ω) and s-and u-channel resonances contributions. The resonances considered were S 11 , P 11 , D 13 and P 13 , the two latter being required to reproduce some of the details of the angular distribution. This approach was later revisited [18] performing a combined analysis of η ′ production reactions and no D 13 resonance was found necessary in describing the data.
ii) In a reggeized model for η and η ′ photoproduction [19] , the authors use the same ingredi- All the abovementioned theoretical calculations give a reasonable description of the data.
In all cases the authors stress that the cross section data alone are unable to pin down the resonance parameters, while polarization observables could be very helpful to better determine the partial wave contributions in this reaction and impose more stringent constraints on the parameter values of the different models.
In this letter, we present the first measurement of the single polarization observable Σ for η ′ photoproduction off the proton, at the incoming photon energies of 1.461 and 1.480
GeV, obtained with the Compton backscattered photon beam of the GrAAL experiment.
In section II the apparatus is briefly described; the data analysis is presented in section III;
in section IV the results obtained are discussed and compared with the available theoretical approaches. Section V contains our conclusions.
II EXPERIMENTAL APPARATUS
The GrAAL experiment was located at the European Synchrotron Radiation Facility The LAGRANγE detector can be divided into two angular regions; (FWHM) for polar and azimuthal angles, respectively; a double wall of plastic scintillator bars, with a time resolution of 300 ps, for time of flight (TOF) and impact coordinates measurement of charged particles, which may be used for proton/pion discrimination and for the precise proton energy calculation from TOF measurement; a shower wall, with a time resolution of 600 ps [28] , for TOF and impact coordinates measurement for both charged and neutral particles.
At the end of the beamline, two flux detectors were used for beam monitoring. The first one, consisting of two plastic scintillators preceded by an aluminum foil to convert photons into electron-positron pairs, while a third plastic scintillator before the aluminum foil was used as a veto for the upstream background. Its detection efficiency was low (≃ 3%)
to avoid pile-up effects during data taking. This monitor was used for relative intensity measurements. The second flux monitor consisted of a uniform array of plastic scintillating fibers and lead [29] . Its photon detection efficiency is close to 1, and it was used to calibrate the efficiency of the former monitor, with the low intensity Bremsstrahlung beam produced in the residual vacuum of the synchrotron. A detailed description of the LAGRANγE apparatus can be found in [30] . The distribution of Fig. 1 (left) was produced with an upgraded version of the event generator described in [31] . As we can see, for the photon energies available at GrAAL, the recoil proton is always detected in the forward direction (θ p ≤ 16 o ). Moreover, the momentum/energy ratio determined by the two-body kinematics is always below 0.4. We therefore detected non relativistic protons in the forward direction. In these conditions, the resolution on the proton momentum for the η ′ photoproduction was estimated with a GEANT3 [32] simulation to be about 2.5%.
The η ′ missing mass calculated from the recoil proton is shown in Fig. 1 right. The effects of the cuts i) and ii) are shown as a black dashed line. The inclusion of cut iii) gave as a result the blue solid line. The η ′ peak is clearly visible over a smooth background.
This residual background was eventually suppressed by additional constraints on the decay products of the η ′ meson.
The cleanest decay channel for LAGRANγE is the decay η ′ → γγ. The two final-state photons were detected in the Rugby Ball and give rise, together with the recoil proton, to the missing mass vs. invariant mass distribution of Fig. 2 (a) . This decay mode has a rather small branching ratio (≃ 2.18%) and the number of events collected (3400) the decay channels involving two pions and one η meson were also included in the analysis.
The η ′ → π 0 π 0 η decay channel was included by requiring the detection of six photons in the Rugby Ball reconstructing the η ′ meson invariant mass (Fig. 2 (b) ). For the inclusion of the charged decay channel (η ′ → π + π − η) we required the invariant mass reconstruction from η meson decay into two photons (Fig. 2 (c) ) and two charged tracks in the whole detector, identified as charged pions. All events with extra spurious signals in the detector, charged or neutral, were rejected.
The influence on the missing mass calculated from the recoil proton of the selection on the decay products of the η ′ is shown in Fig. 2 (d) . In all cases the missing mass distribution has a Breit-Wigner behavior and the value of the resulting η ′ mass is in excellent agreement with the literature [33] . At the end of the data reduction, 12121 η ′ events are available for asymmetry determination with a residual background, estimated through simulation and mainly due to non-resonant multi-meson photoproduction, of less than 4%. As the recoil proton angles are the best measured ones, the emission angle of the meson in the center-of- 
where N V (N H ) and F V (F H ) are the number of events and the total γ flux for vertical (horizontal) polarization states and P (E γ ) is the calculated degree of polarization. This procedure significantly decreases the systematic errors of the extracted asymmetries by removing all the detection and reconstruction efficiencies. In Fig. 3 we give an example of this azimuthal distribution with the performed fit. The remaining systematic error, estimated as not more than 0.03, is due to the uncertainties originating from the possible deterioration of the laser light polarization on the laser focusing system, from slightly different beam profiles on the target for each polarization state, and from the residual background. The stability of the results was verified by changing the angular binning and by analysing separately the subsets of events resulting from neutral or charged decay modes. In all cases, the results were found to be pleasantly stable [34] . GeV (corresponding to a total center-of-mass energy W of 1.903 and 1.912 GeV respectively) as a function of the meson emission angle in the center-of-mass system compared to theoretical calculations: red dotted line [19] , blue dashed line [18] green dot-dashed [21] , orange long-dashed [20] .
The solid black line is the result of a fit performed with a function f (θ) = a · sin 2 (θ)cos(θ). The fit results for the free parameter are: a = 0.321 ± 0.063 at 1.461 GeV and a = 0.096 ± 0.051 at 1.480
GeV.
The results are summarized in Fig. 4 together with the calculations of 18-21. As one can see, the asymmetry is positive at forward angles and negative at backward angles. Moreover, the data indicate a quite strong energy dependence, the effect being more evident at 1.461
GeV, closer to threshold. This behavior is compatible with a ∼ sin 2 (θ o for the meson center-of-mass emission angle is clearly visible. A slightly better, but still not satisfactory, agreement between data and calculation is obtained at forward angles and at the highest energy bin (E γ = 1.480 GeV corresponding to a total center-of-mass energy of 1.912 GeV) in [18, 20] . We must notice that the theoretical curves presented here are the result of interpolations of the existing models at low energies, and that none of these models contains D-wave or F-wave contributions. It is also important to underline that, in contrast with the conclusions of [16] for higher energies, at threshold the dynamics of η [35] and of η′ photoproduction processes are clearly different.
These results prove once again that the polarization degrees of freedom play an essential role in accessing the details of the interaction, and can lead to a better determination of the partial wave contributions and to a better comprehension of the reaction mechanism. From the experimental point of view, new measurements with a finer energy binning as well as an extended energy range, would be highly desirable.
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